INTRODUCTION
Corrosion is an unavoidable process; however, techniques have been developed to delay it, therefore extending the useful life of materials. Finding these techniques has required technical and experimental work to reach these critical advances in the field of corrosion. Moreover, the petroleum industry is one of the most important industrial complexes in the world. Carbon steel is a highly reliable metallic alloy used in the petroleum industry because of its high resistance and low cost. Hydrocarbons generated from the petroleum industry contain impurities of distinct elements, and these impurities have an important role in the area of corrosion of metallic materials such as carbon steel [1] [2] [3] [4] [5] [6] . The transport of dangerous and inflammable fluids, such as petroleum, natural gas and distinct hydrocarbons, through pipelines has been found to be economically viable, compared to other ways of transport, such as by rail or road [7] . The integrity and stability of pipelines becomes important when discussing economic impact and safety; therefore, the study of corrosion resistance of metallic materials used in hydrocarbon transport has driven the study of different parameters to reduce the phenomenon of corrosion [8, 9] . On the other hand, electrochemical properties of carbon steel are part of several studies, due to the varied applications of this material in the petroleum industry, such as in boilers, heat exchange systems and as construction material of petroleum refining equipment, storage tanks and hydrocarbon transport pipelines [10, 13] . In this industry, interior corrosion in pipelines is primarily caused by the presence of dissolved salts rich aqueous phase (brine). The corrosiveness of salts transported along with hydrocarbons, is increased by the presence of gases, such as hydrogen sulfide (H 2 S) and carbon dioxide (CO 2 ), flowrate, temperature, acidity and the presence of sediments, among others. These factors contribute to different corrosion scenarios that can coexist on different sections of the same pipeline [14] [15] [16] . The method NACE 1D196 is one of the most used in the petroleum industry to evaluate metallic materials and materials with some inhibitors on the surface. This method states that the interaction of chlorides with metal (where the adsorption processes govern the corrosion mechanism) could be modified by the presence of other phases, such as hydrocarbons, as it occurs in the petroleum industry. In addition, corrosion process can be modified by the presence of hydrocarbon causing damages or an increase in the corrosion speeds, so it is important to know and reproduce real environments where corrosive agents are involved, system flow and hydrocarbon [18, 19] . In this work, the corrosion of an AISI 1018 pipeline steel in oil-water emulsions was fl w designed and constructed by the authors. In order to find the effect of immiscible mixtures on the corrosion of carbon steel, the process was studied for an experimental arrangement with an electrochemical cell in a linear section and an experimental arrangement with an electrochemical cell in a 90-degree horizontal elbow section, were studied [17] in a solution similar to NACE 1D196 in the absence and presence of kerosene. Electrochemical measurements, including electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization curves, were conducted to determine the corrosion mechanism and rate under the selected experimental conditions. ff fl w , electrochemical cell placement in the system f fl corrosion were determined.
EXPERIMENTAL

Experimental Setup
Two experimental arrangements were used to study corrosion in different sections: in the first section the electrochemical cell was located in a linear section and in the second section the electrochemical cell was located in a 90-degree horizontal elbow section (Figure 1 ). For the electrochemical techniques the electrochemical cell configuration was a saturated calomel electrode as reference electrode and a graphite bar as counter electrode. As working electrodes, bars of AISI 1018 carbon steel (C 0.18%; Mn 0.70%; Si 0.20%; P 0.05%; S 0.07%) were used and connected to a polymeric support ( Figure 2 ). For each experiment, the surface of the working electrode was grinded and polished with SiC paper (grade 280).
The corrosive environment established by the NACE 1D196 [20] was used to evaluate the different sections [21] , with the following composition: 85.07 g calcium chloride dihydrate, 39.16 g magnesium chloride sixhydrate, 2.025 g sodium chloride, 19 L distilled, saturated with CO 2 (oxygen content less than 10ppm) in the absence and presence of kerosene in a ratio of 8:2.
The solution was prepared with deionized water and deaerated with high purity nitrogen for 30 min. The following reagents were used (A. R. grade): 99% purity NaCl (Baker); 100% purity hexahydrated MgCl 2 (Baker), 99% purity dehydrated CaCl 2 (Baker) and kerosene from Baker. Once the brine was prepared, it was purged with CO 2 (30 minutes per liter of brine) with a controlled pressure of 0.70 kg/cm 2 .
The experiments were performed at a temperature of 50 ± 1 ° C, after a corrosion potential stabilization (15 minutes immersion of the working electrode) and with a flow rate of the corrosive environment of 7.5 liters per minute. The potentiodynamic polarization curves were registered at a scan rate of 0.1 mV/s in a potential range between -300 to 300 mV (vs. o.c.p.) and each curve was obtained from a freshly abraded steel surface. The electrochemical impedance spectroscopy (EIS) measurements were carried out with an amplitude of 10 mV (vs. o.c.p.) and in the frequency range of 10 mHz to 10 kHz. A Potentiostat-Galvanostat Autolab Mod PGSTAT30 with Frequency Response Analyzer (FRA) was used and managed through the software of the same company.
For the XPS study, samples were analyzed on the Thermo Scientific 260Xii using XPS, spectroscopic imaging and depth profiling. The samples were coupled on conventional supports and fixed with conductive tape. The XR6 monochromated X-ray source was used for XPS analysis, to help obtain a fixed point, and was selectable by the analyst in the range of 250-900 μ 900 μ X-ray spot was used to give high sensitivity, to allow rapid data processing and to ensure good coverage in XPS imaging; 400 μ w f f w f w the Advantage data system. Figure 3 shows the potentiodynamic polarization curves obtained from the electrochemical cells in both sections in absence of kerosene. From the Figure 3 it can be appreciated that the corrosion density values are higher for the experimental arrangement with the electrochemical cell in the elbow section. Potentiodynamic polarization curves in Figure 3 exhibited an active behavior, corresponding to a charge transfer process. It can also be seen that corrosion potentials show difference depending on the location of the electrochemical cell, where the linear section presents nobler potential values. The corrosion potential in the section is -690±50 mV vs Hg/HgCl(s)/KCl(sat) (SCE), indicating that the initial conditions of the surface are similar. Figure 4 . Polarization curves obtained for the carbon steel section in solution type NACE 1D196 to evaluate the linear section and the elbow section behaviors in presence of the kerosene. Figure 4 shows the potentiodynamic polarization curves for the systems considering immersion time and presence of kerosene. It can be seen that obtained currents are higher than the ones obtained without kerosene, presenting higher current values in the elbow section. The corrosion potential in the system is -760 ± 30 mV vs Hg/HgCl(s)/KCl(sat) (SCE). Table 1 shows the corrosion parameters obtained for the systems in presence and in absence of kerosene.Kerosene presence favors the diffusive processes with the anodic and cathodic slopes showing a different behavior with increasing slopes, with a higher effect in the cathodic branch. Moreover, the anodic slopes show some differences for the elbow section. Nevertheless, the values of the anodic slope suggest a large activity on the surface and control in the change of transference. Analysis of the Icorr values shows that for the elbow section, the Icorr increases significantly compared to the linear section.
RESULTS AND DISCUSSION
Potentiodynamics Polarization Curves (without kerosene)
Potentiodynamic Polarization Curves (with kerosene)
Corrosion parameters obtained from potentiodynamic polarization curves
The specific adsorption of chloride ions Cl -in the corrosive environment appears to be modified by the electrochemical cell location in the section, favoring its arrival to the metal surface in the elbow section, which results in an increase of the cathodic current. However, there are also diffusive processes that become more important with the presence of kerosene, which are manifested in an increase in the cathodic slope. Figure 5 shows Nyquist diagrams with the results of the Electrochemical Impedance Spectroscopy technique for the sections in the presence of the corrosive solution without kerosene, considering the immersion time of the electrode. The spectrum shows similar behaviors containing two visible segments; the first is a capacitive semicircle, which can be attributed to charge transference, located at high frequencies and the second is a linear segment corresponding to a diffusive process located at low frequencies. The values of real and imaginary impedance diminish as the immersion time increases for both experimental arrangements, lower impedance values were presented in the elbow section, which is related with high corrosion velocities. Figure 6 shows Nyquist diagrams for AISI 1018 steel immersed in a corrosive medium (NACE 1D196 solution) in presence of kerosene. The obtained spectrum presents a semicircle segment located at high frequencies, corresponding to a charge transfer process, and a loop segment located at low frequencies, which corresponds to a chemical species adsorption process. This fact can be related to the competitive adsorptive process that takes place on the metal surface [22, 23] . Figure 6 also presents the Rs values, which are very similar for the sections studied. The elbow section showed lower values of Rp.
Impedance behavior of the section without kerosene
Impedance behavior of the sections with kerosene
The presence of the kerosene in both corrosion sections promoted the adsorption of corrosive species on the metal surface, causing more damage in the elbow section. Ecorr values are higher when there is kerosene in the system, as shown in Table 2 . This indicates that adding kerosene causes a more aggressive environment for both experimental arrangements, presenting even more corrosive damage in the elbow section. It can be observed that Rp values are lower for the elbow section. Higher Rp values correspond to the linear section without kerosene.systems with.
Corrosion parameters obtained from the Electrochemical Impedance Spectroscopy technique
According to the results obtained from the EIS, two processes take place at low frequencies, which modify the working electrode polarization resistance: diffusion and adsorption. A diffusion process occurs in absence of kerosene for both experimental arrangements and an adsorption process takes place in both experimental arrangements when kerosene is introduced in the system, Rp values decreased due to the adsorption process. In the presence of kerosene it can be stated that the general mechanism of the anodic process for the sections is similar to the proposed by Li et al., [25] , where metal dissolution occurs primarily by adsorption. Spectrum in Figure 7 shows that the working electrode from the linear section and in presence of kerosene has C, O, Na and Fe and traces of elements at non-significant concentration. Spectrum in Figure 8 shows that the working electrode from the elbow section and in presence of kerosene has C, O, Na, Fe and Cl. The results show that the intensity of iron increases significantly, the intensity of sodium across the analyzed profile is constant, the calcium has a slight increase in comparison to the previous spectrum and the chlorine increases in all intensities [26, 27] .
X-ray Photoelectron Spectroscopy
Micrographs from Table 3 corroborate the results obtained from EIS technique. It can be seen that corrosive damage on the working electrode surface is higher for the experimental arrangements with the electrochemical cell located in an elbow section. From EIS was noticed that in presence of kerosene the polarization resistance decreased, causing severe corrosive damage, which can be observed in micrographs. Micrograph corresponding to the working electrode from the elbow section and in presence of kerosene shows abundant corrosion products. 
CONCLUSIONS
Corrosion damage varies depending on the section where the electrochemical cell is located in the system. In addition to charge transfer process, there are two corrosion processes involved: diffusion for the sections in presence of kerosene and adsorption for the sections in absence of kerosene.
From the Nyquist diagrams obtained by EIS technique it can be seen that there are capacitive semi-circles at high frequencies for all cases. Sections in presence of kerosene show inductive arcs in the lower part of the semicircle at low frequencies, while sections in absence of kerosene present a diffusive linear segment at low frequencies. Inductive arcs can be attributed to the concentration augment of a chemical specie (chloride, Cl -) which is adsorbed on the working electrode surface and that is involved in the surface dissolution process.
Adsorption process promotes the deposition of corrosive agents on the metal surface. Therefore corrosion velocity augments significantly due to the location of the electrochemical cell in the experimental arrangement, which can be explained by hydrodynamic parameters for the elbow section.
XPS results show the presence of chloride ions on the working electrode surface of the elbow section in presence of kerosene.
